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(57) [g*<j] 

cms] mmto*- 5.y?fgM%mu?ztmc, 
from <o ta L^m^mmc^m-r %>ct 

fCs pSGaNf^SSItatV^J/^i (Mg) & 




/ 

[#I*WjR<DfBH] 

£ a ^ & (caft&ia tfKi* 6 nrv ^ c t 1 + 

jgflSLTiSt* P>n/c 1 0 0 n m«T<o;i J¥<E>&Jg;!r> £> & 

[»*« 7 ] &ym*mt % iikwi»wist s 

MI3 F-/< > h £*ff L fc&S® fc^ST -5 XS t s 

it*, 

tt**rr zctttftwitirz m>m 7 § b^o*#»%^ 

fcii«*nv^5/«>A (Mg) %-3mLtcmi(Dm 

iffi&mi<om<D±ti:mm-£tiii& cau) 

ft 2 <0«£^ty c 7 $ id: 8 tie 

[f£BJl<DP*ffl&I&B.8] 
[000 1] 



(2) IftM 2 0 0 0 - 1 9 6 1 5 2 

2 

aN, InGaN, G a A 1 N&^tOMfcf^RWft/I 
[0 0 0 2] 

[0 0 0 3] CCT% *IICt3^T rgffc$&l^¥J»ttJ 
Bx I nyA 1 2 G a (i-x-y-z) N (O^x^l, 0 

^y^i, o<z< i) %%Mi$.a,vm2n%\\\-v 
itinx."cv> (p) ^Htm (as) &z*<£m-fz>mM, 

[0 0 0 4] a<t*3R¥Slf**fflV»Tajttir-l'*"-K 

(led) sp^mitu— y&evftytmT&Btft-tzc 
tic cn>&T*mMT°3o-?rcmyt%im(D^mft 

T? S5£ L fc^T-ife 3 <D Tiff/ W X-n© JSffl fe ffi 

[0 0 0 5] feCFs g{fc4«J^¥l»#&fflV^c¥£fl:feft 
jR^O— C»Ji: LT L E D^flajtC^tfTifiB^-rSo 0 1 0 

^©^fct&i^ii&L e d (ommmm^mtm^ 

1 0 l©±lCGaN/W:7r/f (I^TrHi-f) . , n^G 
aN1102> I n G a NftytM 1 0 3, pfGaNI 

Sfcx I nGaNOTl 0 3*5j;tf pUJG a 1 0 
4 co— g|5*^y^^^SSnT, nSG aNI102 
*WtUSnt^5„ pS/G aNHO 3±lcl* pfflJSW 
till 3«jn« ^<0-g|5fcffij?iil5Ilt:fflO*i5«6^ 
107t pffiiJsfOfV 1 0 6 tfgUBSttTV 

So */c> nSlGaNgl 0 2d±(Ciin««ffil 0 5 

[0 o 0 6] ccoj;3ft«l3Sk:feVT{^ pffi!im8ii0 

■^0 1 ST'/ElfC.n, pS/G a NJ1 1 0 3fr& n g|G a NB 

i o 2tcmjfi*<aA£*iT?j!ftu *o)tttta^«a 1 

[0 0 0 7] 

cssw^Wftuiit-ranw] kc5*v 01 01cm 

[0 0 0 8] GaNcD/'OK^-VyT'ttS. 
4 e Vfcj£^fei6h: % WW-5yi'»IH*S«c 
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[0009] $fc, G a N<Dmmmt2. 6 7 tjzZ^ 

fca&t, 1. 9Atmitx^t^\ 

0, ftHHWH©S»*»&*T, COBWWBSrft *&<£>:*: 

&</\> f^ytDSStCAR (anti-ref lection : K*fte 
it) il*»J«UTfe, COHWftH:«t)6*^„ COfc 

[0 0 10] CCT% ^tJtliLI-pWpSGaNI 

t commm.m.^p u t? & <g M-r 3 & * tc ffiSAoTO&fe 
[ooi i] frfr&mtcommommcm-i 

Offlji^te «r««-T 3 c £ \c $> 5 „ 
[0 0 12] 

[HJl£ji?i*-f3;te46©¥&] ±fEBW*j£/#-fr*fc 

[0 0 13] CCT?, *fgB^a$L.V>||i5S(7)JgS|i:L 
[0 0 14] MG¥4M^aR7B. fffflft* 

[0 0 15] Sfctt % fiMS¥«tt?8ftJR?fc):* 

[ooi6] mmmmmmvTcvmzmtmik 
*mm±. mmyt&nmm£<DmMw<Dttmcts^ 

[0017] $/-c, wte^ttn®*, m&mm%* 
mw£m&\sTmft>nrc ioon m«Tioifciii 
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[0 0 18] -73, *«WO*il|#«31fi|R?0«JfiSte 

[0019] cc^ m&&mm*tm*&mfcxm<D 
tat, «rtHa<b*»¥»«ao*ffiK:Dgia*»*-r*xa 

[0 0 2 0] ttffB&JWIkLT, BufB^{b^^ 

«#©*mit«£ftV^*-><j7A (Mg) %tWLft 
All ffifBSH 1 ©/!<9±{c#t;«S*l/c& (Au) 

20 fr£>%Z>m2<Dm*-5tS$>(D£Sr% £, W^MtfV&SlUk 

[00 2 1] 

*SW*3«iai5?tt» ^/I'Tlfi 1 «D±tCG a N/^>y 
yrm (mm&H°) , nSGaN12> InGaNfgJt 
13, pMGaNS4A^^«««nfe«Jt*WrS. 
Sfe, InGaNS3tl3feJ:tfpiGaNl4ttiiR 
JO BUtCX-y^V^^nr, n^G aNl2*'lttlSn 
Tt,^ 0 pSG aNS4C0±^{i x — g|5lC«git|5IihfflcO 
*filtR7*^fi8*nTVS„ ?LT, piGaNl4t 

»««i7o±»cfci:, pmnmai 3«wjA3tu ^© 

±tc pWcO^V^ >y • ^-y F6^jM^B*IlcfflS^n 
Tl/^So £/c, n^G aNM2©±filtin(|iJfl^5*^ 

[0 0 2 2] *mi<DftWim%:&COU£'Olt, p§HG a 

•T^tJ-fe, S^L/c:{BJlC*3l,^T«, pSJGaNM4<DS 

nti/^. p5!JGaN«4cr)gB*C(DJ;5tcAPX-rs 

[0 0 2 3] t%t>^ HI OfcwLfc«*0J<DJ:$t: 
50 JSUTflffifcHOftttSCfctf-tffcS.kafca:*; $ 
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[0 0 2 4] o£ fie*<0¥ffittO)*IXOaLBO» 
[0 0 2 5] Sfc, *HSEJg8S»ufel/^Ttt. p§HG a N 

[0026] *mt\c&**mttfflat&<o*>$ 
(Mg) ^wv^»*-e*«snTo^*ckT* 

toftwi*BiacLT, p Annum 1 3«»*r 

So C^ctaaa^^n^XlCAoT, pS^GaNjf 
4 0*ffif*5fiO*^U7 > »fi*±ff*«e:, SMil 3 

[0 0 2 7] 2£lC. COiSfeV^S/^ASpllG 

aNi4 ^asstcsisatc K-e utic^-D 

T, pSiGaN^4c7) r®JJ?nj &m&t& C t feT»* 
So "Tftte -6> *«W«c43V^Ttt, pS^G a N«4C7)« 

y^L^o, G-aNM4«jp<j«s-r«j: rronnj # 

So 

[0 0 2 8] CftlCfcfLT, *»WJc«fctltf. /Sfif&lc 

[0 0 2 9] 3fc|C, ♦awoajtSR^OKJlTj^ftft 
[00 30] 0 2 &tf0 3 *»W©3BSJtt*WB» 
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&OBH\ El lfc^LftA-A3iaT«I»fbfc»fffiO--SHJ 

[0 0 3 1] Sf\ (110 (a) IcStLfcJ;?^ V7y 
-f7S« 1 ©±fc, 0^L*V>G a N/ty7rI> nSi 
GaNl2, I n G a N^316S3> pg/G a NI4 «rWH 
JfclSIWi***. |g»^«ftfcLTtt, ffilfctf, MOC 
VD (metal-organic chemical vapor deposition) 

MF7^KCVDfe SSWiMBE (molecula 
rbeam epitaxy) fcifcD^ffiS^W* S C £#T#£ C 
70 [00 3 2]^ 02 (b) te^Lfccfc'Sfc:, Uv'X 
h/**— >*«J«f*o SttWfctt. p§yGaNM4cD 
StBfc: Uv'X h^rM^ Ls PEP (photo-engraving pr 
ocess) SlCcfctJ/^-xv^LT. «»©*FfT&Xh 
7^^ROl/^h;^-y3 0*i8«t8, U5>XF 

[0 03 3]^ 02 (c) lc«bftJ:5lc. U^X 

h/^-y3ooMaxt§o mm 

[0 0 3 4]*fc, 0 2 (d) Icgtbfccfcdfc:, U^X 
F^^— >3 0 0JBtt*pfflGaNJB4fcHg^-rs 0 ft 
Ui^X h/^->3 0O±fr6R 1 E (reac 
tiveion etching) *f»f *:/3 U >^ (ion milling) # 
Affile cfcDx^v^-rSo -TSfc, U^xh;^- 
50 V3 O^KH^xy^^^sn, ^TOpSJG 
aNl4fe|«X7f>^tl8 0 COcfcSlcLT, p 
fflG aNJB4©^ffi£U^Xh/** — >3 0O(fffiJg« 

[0 0 3 5] C<IT\ US>XF/**— >3 0<D»fMJg:K 
ftPX«OplS!G aNJB4 0«ffiEIiQOB(fffiJgtt4:0 

*t>-6, U^Xh/^- V3 0Ox^^v^i$j»tc^b 
Tx pSG aNjl4Oxy^>yjafi<0^iav^«^c 
piG aNJi4 0|!fliQtt^ U^Xh/^-VcfcH 
^o 3SIS^nSo — U^h;^-y3 0(?)X7fyy 
JiS^bT, p§HG a NJB4 0Xy^>^aSjaoD75'^ 
jiV^^tCti, pS/G a NJl4 0IHatt, 
-V^Ofe^ft^tlSo t^^Ts p§yG aNS4 0IHia 
tt, U^X h/^->3 OOWrffi^ttfcxy^^^atR 
it i: *m%.mffi? zctickb UWt SCii^SSo 

[0 0 3 6]*Il % 03 (a) KJJlLfcJ: -5 te, Sf, 
E3 O JB4***0X L/cpSGaNi4 M g 

(7jf*S/9A) /!40£Au (4)14 2 *M%gg* 

50 10nm, A u!4 2 (D^iPti^J^tf 1 0 0 nmtn 
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Cfc#T-fr3o £fc, %MBM<DU&*. 3 0 0°CJW±^ 
"T*Ci:teJ:t)fi»a:<S*««»6h*. WAfcf. 7 5 0 

°ct 2 o fj>mmm<oyy ? ->a7--;i/W t t a*® 

tA'T'fS. CCT, Au (£) 14 2(^ Ofr^S 

r+-v«yysj fcbr^-rso f M g i4o 

<D±lCAum4 2*mfZCt&*), Mgl4 0%gl 
U «Waa©PRteMg Cfc*KFihLT» Ca 

CCTfrSIMaatt, R I E^-Y*^ • 5U V^&H© 

l T«*tt* niK s -es c i: tc t rem? s . 
[0037] cct% MgmtAumommffimtzmm 

f SftfrtHc, Mgltln (-f^-fA) ®«r«»L 
Tfc£V\, Sfctt, Mgli I nitAuMOTLT 

i/^i:, G a NjS 4 <D3kWffi5.l£^ M g i; fete I n 
t£»U /SffifityC I n G a NOSSJiA^fS^ftSo I n 20 
G a Nti, G a N LT^:x K^* >y ^VjN^vfc 
aft, p«®ffit©tf-5y*&«&£&fc:&J?-rJ5C£: 

[0 0 3 8] gfc, plJ<OK-A>-hi:LT(i, Mg© 

tlSo flUAtf* Be K'J^A) , Hg CMS) . Z 
n (SIB) , Cd (*F5^A) ^if^fflV^TfeAS?^: 

fcLTtt, C (MM) ft^OS«<D»84ffl^5<:fctf 

T#So JO 

[0039]^ 03 (b) fc-^LfcfcSfcU ^5»L 
ftMg!4 0tAui4 2*JLy?->'yiC£0ffi&? 
So pl/G a NJg 4 ©StffiJi, MgAW 

zfifiT K— kf>2"£ftT</^ 0 c®<fc'M;:Mg;i4 Ot 

Aui4 2*im£-?&cnc£*), ccDmcB/a-rzw. 

«W#<0*IMWWfc * fttf * p 3! G a N Jf 4 fc p M Wf 
^cDRSfCMg/ftfrtfi-f 3£> p{|iM^iiJilb-^-r< 

*n«, Mgl4 0«r^-rscfctcj;!3, p09J«fficD 40 

[0 0 4 0] 03 (c) KSLfcJ:3fc:, nfflUS 

®5^fig-r^„ UttfftfcW;, *?\ piGaN!4t 
SffiB 3 SrSPtfWfcxy^-^LT^ n SG a N@ 2 * 
^t±J^Hi-So fit, ^CVDfefCdtO S i 02^7 

x^^-^^ciOflffi^^ftn^G a N® 2<D±l£lT i 
»5afcAu«5b*3R»U 'J7h:d-7fc:<fc JO 



8fB8 2000-196152 

x^^LT> 8 0 OtT'2 0g»S5ifiO77>r>a7- 

[0 0 4 1] 03 (d) IC^LteJcSfc:, pfflJtt 

«13*»J«r*« *i*WtC«, pSGaN!4©SI 

mON 1 (x<y-»r;l/) M 1 3. a=&*t«U ££tc, 

9 1 TO (indium tin oxide) WRWmx 3 
b^fig-T^o &*5. N 1 (-7^;W S 1 3 aOftfr 
Dtc, Pt (6£) e«rffl^Tfe&U\, I 
TOi 1 3 bOTicN 1 -^P t teZcD&mm 13a*§ 

[004 2] ^ (Au) frE^mmL P E P& 

ii 3 tsasnft^vf^ • k 6 

So 

[0 0 4 3] C<lt?> pSJG a N^4(DgffitC^*n/c 
S i 02^7(i> s^Vf*-*' >^ • *v F 6 (OTSRTcolil 

n§aGaNJB2*»»Wte«ta*'a:fc«fc:»^LfcS 1 
02^7(i, 03 (c) SO* (d) {caurctatc, ?8 
)tS 3 (DWmtWm L T V> 3 ;* -y-ffllJ® ft fe tlTfc 

gttft*f%< p«*«<D«H"-:t»JBJ«*tiTV^*o 
[0 0 4 4] H4«. C(D<fc5{CLTt#P>nfc¥3»{*f£ 

(a) «ffii5ft-«EE#14, IQH (b) fiSSiE-^W- 

[0 0 4 5] 04 (a) ©««£-«£E4§tt**a fc, ft 
Jfe^lg^oa^tcti, 3 HcfcV^T»f|-««Etttt 1 

3 4*;l/h{c*3VT5 SUT^TA'ff P>tl, SJEO 

3. 2 4*;l^ht{g<, tJ6*©*-Ffctt«LT»fl-«EBfc 

1 0 %W±ifiT-r * C i: tfT'Ztzo 

[0 0 4 6] -73, 04 (b) ©5&Wtt*#*i:, * 

JttttiJj*** t< ft*®*? TI4 0 . 4 5 5U77 M' 
fcSOtcMLT, *^<D*?T'(± 0. 9 5 5 >J V h 

isi±u ft*cD2fgJi(±07 l etb7:AM#e.ti/-co 
[0047] sfc, *a.wo»)iais?oa3iaftfitt, » 
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^Tit, pSG a Nil 4©SE©^7*aS^;j:fi$F£ i & 

L/c JSftttM/l 1 3 ©W»5Sfi & &$?T-& 0 , 
CO 0 4 8] &L±m&Lfc£?lC, *«Wfc*n«» p 

[oo4 9] *mi<D%mmz-o^Ttsm?z 0 

CO 0 5 0] m 5 tt, *IS!B©SfS 1 ©*««*«t«fc6: 

S 4 toast, ¥RttJfmT-fc<U *«tKOO«»l 0 
OTBJ««ftT^*. CCOJt^tcbTfe. TfcOlRSmLSfr 

CO 0 5 1] *^lifiRJ©[H]ia^tt«, ISI2tcBaU 

-Tfcfr^ pSGaNS4<D±fcl/^h*P3^ 

CO 0 5 2] ^JgWcfc^Tfc, HlteHbTMJfiU 

CO 0 5 3] SSfc* 4490MicJ:ntf, ^ft^'fto^ 

CO 0 5 4] *&m(Om2<D&&mi£^T8tW 

c o o 5 5 ] m 6 it. *mi<Dtg 2 (om&m*m?m& 
mmmr'&Zo mmias^Tt,, m mm® 3 icmlt 

*D*WM*i®tt-r*. *^WCfc^Tt*, pSGaN 
flttglU 1 jb'flMStlTVS,, COi^lTfe, ft© 

co 05 6] tare. *&mm<otmbievit>. H2KHL 

£3, -r&fc>-£, H2 (b) IcgtLfcidt, pSGa 
{kS-tf-ffex «y y S C i: ic <fc 0 0 6 \c& Lit <fc 5 
CO 0 5 7] #SEjemK.tS^Tt>s m 1 tCHaLTftjxBL 



(6) 2000-196152 

COO 5 8] **SBM£J:na* 02 (c) tc 

CO 0 5 9] *»WO*3 0«Jg«lfcOV^BiW 

co o 6 o] mi it, 4^®ft3 4>e*fflfta-rM& 
f4ta0-pfe5c i3iiafc:*5^T&, laiTbSSSKHLT 

[006 1] *^Sfl»J<OHCi^t, % 0 2tCMUTfija? 
•f pS?GaN®4 0±fcU^h«rP3^flD/^ 

CO 0 6 2] aWgKWtCftVTfe, 0 1 teBSLTfaizBL 

co 0 6 3] *a««fc«fcnar» pscaNi 

CO 0 6 4] *«W<0iB 4 OffigWIteOVTttW 

io fSo 

co 0 6 5] Est*, *ftm<t>m4<omzmit&?m& 

nnmT&Zo HHtCfeVTfc, 0 l 7b£03fcB8LT 
M»lxfct^fcHI-©»#»cW:* PJ— ©«F»fcf*bTW 

jg 4 ©Sffitivsr-fe d > : t<D±icmmtntc pw&m 

mm 1 3<DSB#D3fl#»cADI£ttTV'>3o C<D«t5fc 

co 0 6 6] -f&*>^ aoavai 3i:LT^^ns 

I T0O®^{i> 3$2. OT^O. p^GaNS4© 
40 ®#f^2. 6 7fc*fLTjfiV\, ?AfoT, p!GaN!4 
fcSWSg 1 3 fc<Dffi-m, ^S«tt5&S*-f*ci:*' 

1 3tA«i/ft«tt, miicMLTffimLtcm&tm® 

CO 0 6 7] ^P,(C V #fUOBfflHcJ:nfclN pSGaN 

c^saffl^^-rsc: tA^T-tSo pica 
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5 » * &m% jt&r set # £ & s „ 

[0 0 6 8] Sfcs ^JgfiajfcfeVTtt, pSGaNI 

[0 0 6 9] JgB^a^l 3©S®»Cf8{**IHfl©/<*- 
Vtt, L fe O t «(S^ ? ni* s El 1 3 fc0lj^ 

o i-s yt—znm& k> t>*% < -r s c £ 

[0070] -7aT\ I TO^HOWilti, $t=^ 

[0 0 7 1] IfJtfcLTtt, 09*fcf, He-Cdl/ 
-if : 3 2 5:*-/*-*) tAr U— «f Gffig : 
3 5 1t/j(-^) Sr/H^S So 

[0 0 7 2] C«DJ:5ft«a«B-'^->«rm^'r« 

[0 0 7 3] #tc, #«W©*5©SgB«Ifc:oV"»TKIB 

[00 7 4] 09lt #^©8? 5 ©«»flll**r«fca: 
$WI0T?&So lRl0l£:feV>Tfe, H171SI23fc:|I8LT 

Uf 2 0tfiStt£>nT^5„ ^LT> ^0WLS2O 

tt©flMaiL»***#**c£tfT**. $rc, 
JgtWtCfeVTfe, pH!G aN^4cDastiaa^:^-r 



(7) f$Bfi2 0 0 0-l 9 6 1 5 2 

12 

[0 0 7 5] MtttBMl S^ft&SffiUf 2 0<0« 

tfSSU\, o*tK cne.<DI<OlWplGaN 
flMfcifitfWf, »llin»©}tt©£E«MHia«U ft©® 

[0076] awtttt«ra 1 3 ©tmt lib, pa 

2 0©*mi: LT«, fiflJAtf, G a N *:B8f**ft£vW 
©T\ ***HOtS»K»J*-r*Cfcj8«-p*, G3G© 
^f5Ci;tf-?#5„ -T^tJ-Ss 2Ky#— jtfjM'h©® 

-rs 0 

[0 0 7 7] ft® D ft 2 0 LT{i, 

afks/yn> (s i Nx) wsctwta, -rfc 

to IS, afb^UaVOJBSf^tt, mz. OT^t), Ga 
N ©JBSf* fcifr te > 3 6 WL& 3 nfcft 

So *©flfilcfc, 0J*ff, I n2 03 0S«f4Stil«J 

2. 0) , NdzOz (.!B,ffimZM2. 0) . Sb20 

3 mmmmz. 04) % zro 2 oa*f*ttW2. 

J0 1), CeOi <jmmt%32. 2), T i O2 (SJ/f^ 
ti*«J2. 2 — 2. 7) , ZnS (Stff^«i^2. 3 
5) , B I2O3 (JffifxmZ%}2. 4 5) ^Kffl^Tfc 

mLm2o<DttwtLT&, m*m*m?z&mmt® 
[0.0 7 8] mts mwm&&mis~2-o*Kw<Dnm<D 

[0 0 7 9] *fcs »JfcJR?©«|J6tt % 

[0 0 8 0] Sfe, «*gkLTffl^*fe<0tt-9-7r-i'7 

0> ScAlMg04, LaSrGa04, (LaSr) 
50 (A 1 T a) OafcEOttakteaS-*, SIC, SI,' 



-7- 



13 

GaAs, GaNftEOfcWtt^fcEWfcffl^T**! 
^*ft<9$&!jlii£#S So CCT, ScAIMg 

04 (0 00 1) (LaSr) 

(A 1 Ta) OsS&afltefctt (111) 
Cfc#S$U\, 1$fc, GaNKOV>T«:, GUfcf, V 

Jft</£SLfcG a N®«r-9-7r-TTS«^6SlJSILTG 

[0 0 8 1] GaN©«fc5&tS«14©S«*:ffiV'> 

Sci:fcT*£So 
[008 2] 

[0083] s-r, tannic .knar* 

[0 0 8 4] #5SWite«fctlHr, pfGaNIOa 

ffiWiSlcv^S/'Ji (Mg) §^CpiF-Myh* 

[00 8 5] £6fc, *SH§fcJ;*ltfs V^S/^Aft 
2©pS!Fw<:/h**ALfc«le*©&JH»*pS!G 
a NIOSI^ & l^£-T S C * o T, p <$«ffi©aij 

[0 0 8 6] *«Wtc<J:nff, V^i/^A^H 

K-lfymcfclcioT, p§SG a N/S4© TBS?!! 
ftj «rlaljS-rsc:i:t>T?*5o ^fc^, plGaNl 
©aStlHfl«r3a:^«fe46t«, GaNM«rfeseSiP 
< »j«f*&H#fc t>, p§u K-/^ h *«^»«-t* F 
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